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© Substrate tailored coatings for superalloys. 



© A class of protected coatings for superalloys is 
described in which the coatings compositions are 
based on the compositions of the underlying sub- 
strata. By tailoring the coatings td the substrate 

3 composition, diffusiona) stability results and the other 
mechanical properties of the coating such as coeffi- 
q^cient of thermal expansion and modulus, are similar 
I*** to that of the substrate. Minor modifications are 
*©made to the coating in order to improve the oxida- 
nt! on resistance thereof. 
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Substrate Tailored Coatings 



Technical Field 

This invention relates to the field of protective 
overlay coatings for superalloy articles. 

Background of the Invention 

A primary problem which must be addressed 
in order to improve the performance and longevity 
of gas turbine engines is that of oxidation of the 
high temperature turbine components. The struc- 
tural superalloy materials employed for gas turbine 
components have some degree of inherent oxida- 
tion resistance, however, the compositional com- 
promises necessary to achieve the ultimate in me- 
chanical properties generally result in the reduction 
of the materials' oxidation resistance to below that 
which is required for long-term use. In addition, the 
trend in gas turbine engines Is always towards 
increasing temperatures to improve performance 
and efficiency. The oxidation rate of materials in- 
creases dramatically with increasing temperature. 

For these reasons, for at least twenty years it 
has been customary to use protective coatings on 
gas turbine engine components. Such coatings are 
two general types, the aluminide type and the 
overlay type. Aluminide-type coatings are produced 
by diffusing aluminum into the surface of the com- 
ponent at elevated temperature in order to provide 
an aluminum rich surface zone which increases the 
material's oxidation resistance by providing suffi- 
cient aluminum to develop a protective alumina 
scale and providing sufficient alumtnum to reform 
this scale as it spalls from the surface under use 
conditions. The aluminide-type coatings are gen- 
erally quite thin and are fife limited by the further 
diffusion of the aluminum into the component and 
by spallation of the aluminum oxide surface scale, 
both of which ultimately reduce the surface alu- 
minum level to below the level which will form an 
alumina surface scale. However, such coatings are 
desirable for high performance engines inasmuch 
as the components coated with aluminide coatings 
are found to have substantially enhanced resis- 
tance to thermal fatigue when compared with over- 
lay coated parts. 

Overlay-type coatings consist of a discrete lay- 
er of an oxidation resistance alloy which is depos- 
ited on the surface of the component by means 
which include, for example, vapor deposition or 
plasma spraying. Overlay coatings are generally 
developed to be inherently oxidation resistant but 
they are developed in large measure without much 
consideration of the substrate to which they are to 
be applied. Thus, for example, a single overlay 



coating composition may be applied to many dif- 
ferent composition substrates. Of course, such 
overlay coatings are optimized for oxidation resis- 
tance by more or less trial and error approach in 
5 which coated samples are tested and the coating 
then modified and retested. However, such trial and 
error techniques start from an arbitrary oxidation 
resistant material baseline rather than from the 
substrate composition. 

10 

Disclosure of invention 

It is an object of this invention to describe 
techniques which can be used to develop sub- 

75 strates specific protective coatings by starting with 
the substrate composition and modifying it to im- 
prove its oxidation resistance without significantly 
reducing its other important properties. 

It is another object of this invention to describe 

20 coated articles in which the substrate composition 
is highly similar to the coating composition. 

These objects and others which will become 
apparent hereinafter are accomplished by the 
present invention. 

25 Basically, a substrate composition is modified 

to arrive at the coating composition by increasing 
the aluminum contents somewhat, maintaining the 
chromium content at a level sufficient to guarantee 
the formation of an alumina surface layer, reducing 

30 the molybdenum and tungsten where present and 
substituting for them tantalum, and adding the ele- 
ments yttrium, hafnium, and optionally silicon. The 
resultant coating has a microstructure which is 
similar to that of the substrate, in contrast to the 

35 microstructure of prior art overlay coatings which 
have had a variety of phases in the coating not 
found in the substrate. 

The foregoing and other objects, features and 
advantages of the present invention will become 

40 more apparent from the following description of the 
best mode for carrying out the invention and the 
accompanying drawings. 

Brief Description of the Drawings 

45 

Figure 1 is a photomicrograph showing a 
superalloy substrate having a conventional overlay 
coating before high temperature exposure; 

Figure 2 shows the coated article of Figure 1 
50 after a 100 hour exposure at 2100°F; and 

Figure 3 shows a superalloy substrate having a 
coating designed according to the present inven- 
tion after a 100 hour exposure at 2100° F. 
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Best Mode for Carrying Out the invention 

According to the present invention, coatings 
can be designed which are effective in protecting 
substrates and which are based on and derived 
from the substrate composition. 



The microstructure of superdloys of commer- 
cial interest consists essentially of a gamma (nickel 
solid solution) matrix containing strengthening gam- 
ma prime precipitates (based on the phase Ni^M). 
5 A broad composition range which encompasses 
such commercial alloys is presented below in Ta- 
ble I. 



TABLE I 



(Wt. Percent) 



Al 



3-7 



X Ti 0,5-5 



Cr 


5-18 


Co 


0-20 


v Mo 


0-7 


w 


0-14 


Ta 


0-14 


K Cb 


0-4 




0-2 




0-4 


Hf 


0-0.1 


Y 


0-0.2 


c 


0-0.2 


B 


0-0.02 


Zr 


0-0.5 


Ni 


bal 



Of course, Table I covers many superaltoy 
compositions and those skilled in the art wilt be 
able to determine those compositions which are of 
particular utility for their applications. It is also 
known from copending U.S. Application Serial No. 
565,482, to incorporate controlled amounts of cer- 
tain minor elements in structural, superalloy materi- 
als for the purposes of improving their oxidation 
resistance. 

The coating which will be found to provide 
highly useful protection for such a substrate will 
microstructurally consist of at least 90 volume per- 
cent of the gamma and gamma prime phases and 
contain less than 10% by the volume of other 
phases such as the beta (NiAl) phase. This sub- 
stantial microstructuraJ similarity between the sub- 
strate and the coating goes a long way toward 



rendering the mechanical properties of the coating 
similar to the mechanical properties of the sub- 
strate, thereby reducing thermomechanically in- 

45 duced damage during service, it is preferred that 
the volume fraction of the gamma prime phase in 
the coating be similar to that of the substrate, 
although the aspects of the coating composition 
which will be subsequently described which ii> 

50 volves increasing the the aluminum content will 
generally result in the coating having a gamma 
prime volume fraction which is somewhat greater 
than that of the substrate. 

The desired coating composition is arrived at 

55 from the substrate composition by increasing the 
aluminum content sufficiently to insure that the 
oxide layer or scale which results in service, is 
alumina. In practice it will be found that aluminum 
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hafnium act to improve the adherence of the oxide 
layer while the silicon apparently acts by modifying 
the oxide layer so as to render ft more resistant to 
the diffusion of oxygen. 

There are several other minor elements which 
are commonly added to superalloy articles, particu- 
larly the polycrystaJline superalloy articles. These 
elements are carbon, boron and occasionally vana- 
cfium. Carbon and boron (as well as zirconium) are 
commonly added to polycrystalline superalloy arti- 
cles for the purposes of enhancing grain boundary 
ductility. These elements apparently have a some- 
what detrimental effect on oxidation resistance and 
they are generally not favored for addition to coat- 
ings according to the present invention. Vanadium 
is added to certain superalloys for the purposes of 
improving mechanical properties such as tensile 
strength and since it has been found to have an 
adverse effect on oxidation, no intentional additions 
of vanadium are made to the present invention. 

A primary benefit of the present invention 
which has not been fully discussed heretofore is 
the improvement in diffusional stability exhibited by 
the invention. Those skilled in the metallurgy art 
appreciate that when different compositions of ma- 
terials are Joined together and then heated to ele- 
vated temperatures, diffusion occurs between the 
two articles. The driving force for such diffusion is 
the difference in composition. In the case of over- 
lay coatings, where the inherent oxidation resis- 
tance of the coating is the result of the alumina 
layer scale which forms in service, the coating can 
degrade from two basic mechanisms. The first is 
the perhaps obvious external mechanism of scale 
spallation. Since the scale is based on AMD,, every 
time the scale spalls, a certain quantity of alu- 
minum is lost from the surface layer. Eventually, 
through this mechanism, the aluminum content of 
the surface composition of the coated article will 
drop below that necessary to produce an aluminum 
oxide layer. When this happens, other complex 
compounds such as spinels form and subsequent 
oxidation is extremely rapid, If not catastrophic. 

The internal coating degradation mechanism 
involves diffusion of materials either from the sub- 
strate into the coating or from the coating into the 
substrate. In the first instance, for example, molyb- 



denum and/or tungsten in the underlying substrate 
can diffuse into the surface of the coating and 
thereby interfere with the formation of protective 
scales. In the latter instance, an essential element 

5 from the coating such as chromium or aluminum, 
can diffuse into the substrate thereby eventually 
depleting the. surface layer of chromium and/or 
aluminum so that the scale which forms on the 
outer surface of the coated article is no longer 

to alumina, ft is this latter internal mechanism which is 
addressed by tailoring the substrate and coating 
compositions to each other. 

The depth of interdiffusion between the coating 
and the substrate can be evaluated by optical 

75 microstructural evaluation. This is done by observ- 
ing what is referred to as the diffusion zone be- 
tween the substrate and the coating and this zone 
is delineated by a change in the phases present 
Figure 1 shows an optical photomicrograph of 

20 asprocessed superalloy substrate having thereon 
an MCrAJY coating. The substrate and coating 
compositions are presented in Table II. A slight 
interdiffusion zone (approximately 15 microns) can 
be seen, the result of coating-substrate interaction 

25 during the elevated temperature deposition process 
and a 1975°F/4 hour heat treatment which is a 
conventional heat treatment used to improve the 
adherence of the coating to the substrate. 

Figure 2 shows the appearance of the coated 

30 substrate after 100 hours of exposure at 2100°F. 
The width of the interdiffusion zone is seen to be 
greater than that of the remaining coating structure 
(approximately 90 microns). This can be contrasted 
with Figure 3 of an invention substrate/coating 

35 combination after 100 hours at 2100°F. (The com- 
positions are given in Table II). A slight 
(approximately 10 micron) can be seen. Note the 
reduction in diffusion zone thickness from approxi- 
mately 90 microns in the prior art case to about 10 

40 microns in the invention case, showing a significant 
Improvement. 

Thus, it can be seen that the coating illustrated 
in Figure 3 which was based on the substrate 
composition was substantially more diffusion resis- 

46 tarn than the arbitrarily developed prior art com- 
position shown in Figures 1 and 2. 
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TABLE II 



Figures 1 & 2 
(Prior Art) 
Substrate Coating 
(wt.%) (wt.%) 



Figure 3 
( Invention) 



Substrate 
(Wt.%) 



Coating 
(Wt.%) 



Cr 

Co 

W 

Cb 

Ta 

Mo 

Ti 

Al 

B 

Hf 

Y 

Ni 



9 
10 
12 

1 



18 
23 



2 
5 

0.015 
2 

Bal 



12.5 



Because of the similarity of the coating and 
substrate compositions, the mechanical properties 
are also well matched. Thus, for example, in a 
thermal fatigue test in which the onset of coating 
failure in a conventional overlay coated substrate is 
observed after 6000 cycles, a variety of substrate 
tailored coatings developed according to the 
present invention does not show signs of failure 
until experiencing between 7000 and 11,000 cy- 
cles. 

In terms of oxidation resistance, the previously 
mentioned diffusion tests are a good predictor of 
oxidation resistance; the negligible diffusion zone 
shown in Figure 3 indicates that the alloy remains 
able to form the necessary protective alumina 
scale. In fact whereas a conventional overlay coat- 
ing when tested at 2100°F has a life of about 300 
hours, the coating according to the present inven- 
tion was tested for over 800 hours at a higher 
temperature of 2200 °F without displaying any 
signs of incipient failure. 

Although this invention has been shown and 
described with respect to a preferred embodiment, 
it will be understood by those skilled in this art that 
various changes in form arid detail thereof may be 
made without departing from the spirit and scope 
of the claimed invention. 
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9 
5 
9 

3 
1 

1.5 
7 



9.2 



6.3 



9.8 

0.27 
0.21 



Bal 



Claims 



1. An oxidation resistant article which com- 
prises: a superalloy substrate, .having a microstruc- 
ture which consists essentially of a gamma phase 
matrix containing gamma prime precipitates, con- 
sisting of (by wt) 3-7% Al, 0.5-5% Ti, 5-18% Cr, 0- 
20% Co, 0-7% Mo, 0-14% W, 0-10% Ta, 0-4% Cb. 
0-2% V. 0-4% Re, 0-0.1% Hf, 0-0.2% Y, 0-02% C, 
0-0.02% B, 0-02% Zr, balance essentially Ni; 

a coating on said substrate, said coating being 
derived from and being compositionally similar to 
said substrate, said coating having a microstructure 
which contains at least 90% by volume of the 
gamma and gamma prime phases, consisting of - 
(by wt) 7.5-11% Al, 9-16% Cr, 2-8% Ta, (said 
tantalum being added as an equiatomic replace- 
ment for at least some of said W and Mo when 
these elements are present in quantities of more 
than about 4), less than 4% Mo, less than 4% W, 
0-3% Re, 0-4% Cb, with the atomic percent of 
Ta+W + Mo + Re+Cb, the coating being at least 
30% of the atomic percent of the 
Ta+W + Mo + Re+Cb in the substrate, 0.01-0.8% 
Y. 0.1-0.5% Hf, 0-2% Si, with no intentional addi- 
tions of V, C, B or Zr, and containing Ti, in an 
amount less than the Ti content of the substrate 
composition, and the element Co in an amount up 
to 125% of the substrate composition, balance 



11 0 207 874 12 

essentially Nt; 

said coating developing a stable aJumina scale 
upon exposure to elevated temperature oxidizing 
conditions, and said coating and said substrate s 
being cfiffusionaliy stable and having similar coeffi- 
cients of thermal expansion so that said coated 
article is adapted to resist oxidation and thermal 
fatigue for extended periods, 

70 



20 



25 



30 



35 



40 



45 



2. An article as in claim 1 in which the Mo and 
W levels in the coating are each less than 3% by 
weight 

3. An article as in claim 1 in which all of the 
elements in the coating (except for Hf, Y, Si) are 
present in the substrate. 

4. An article as in claim 1 in which the Ti 
content is less than 50% of the substrate Ti con- 
tent 



65 



0 207 874 



» i » ■ 



r/G. / 




Coating 

> Diff. 
J Zone 



Substrate 



70pm 




t 



0 207 874 



% 



r/G. j 




i i 

20|im 



THIS PAGE BLANK (uspto) 



0 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



0 Publication number 



0 207 874 

A3 



® 



EUROPEAN PATENT APPLICATION 



(g) Application number 86530082.5 
<§) Date of filing: 06.05.86 



© int. CI.-C23C 30/00 , B32B 15/01 



(£) Prioritv: 09.05.85 US 733001 


0 


Applicant UNITED TECHNOLOGIES 




CORPORATION 


@ Date of publication of application: 




United Technologies Building 1, Financial 


07.01.87 Bulletin 87/02 




Plaza 






Hartford, CT 061 01 (US) 


© Designated Contracting States: 


© 




BE DE FR QB SE 


Inventor Hecht, Ralph J. 






130 Bowsprit 


® Date of deferred publication of the search report 




North Palm Beach Florida 33408(US) 


18.01.89 Bulletin 89/03 




Inventor: Khan, Abdus S. 






807 - 8th Terrace 






Palm Beach Gardens Florida 33410 (US) 






Inventor Barkalow, Richard H. 






118 Linda Lane 






Palm Beach Shores Florida 33404(US) 




0 


Representative: Schmltz, Jean-Marie et al 






OFFICE DENNEMEYER SA.r.L P.O. Box 1502 






L-1015 Luxembourg(LU) 



CO 



® Substrate tailored coatings for superalfoys. 

® A class of protected coatings for superalloys is 
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mechanical properties of the coating such as coeffi- 
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